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AERODYNAMIC  RESULTS  OP  WIND  TUNNEL 
SEPARATION  TESTS  ON  A O.OI-SCALE  MODEL 
(32-OTS)  SPACE  SHUTTLE  INTEGRATED  VEHICLE 
IN  THE  AEDC-VKF-SWTA  (IA57) 

By 

J.  J.  Daileda 

Rockwell  International  Space  Division 
ABSTRACT 

Tested  was  the  RI  integrated  space  shuttle  vehicle  (configuration  3) 
in  the  AEDC-VKF  SWTA.  Primary  test  objective  was  to  determine  proximity 
force  and  moment  data  for  the  orblter/external  tank  and  SRB  with  and  with- 
out separation  rockets  firing  for  both  single  and  dual  booster  runs.  Data 
were  obtained  at  points  t « 0,  t » 1.25,  and  t « 2 seconds  on  the  nominal 
SRB  separation  trajectory. 
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NOMENCLATURE 


(ADDITIONS  TO  STANDARD  LIST) 


SYMBOL 

PIvOT 

SYMBOL 

DEFINITION 

lb 

L 

orbltor  body  length,  Inches 

0/ET 

mated  orbltcr/external  tank 

Pt. 

j \ 

PT-JET 

V 

total  pressure  of  the  separation  motor 
jets,  psla 

l*TO 

X. 

freestream  total  pressure 

SUB 

solid  rocket  booster 

mm 

SRBP0S 

SR6  position  at  one  of  three  points  In 
time  on  the  nominal  separation  trajectory 
(see  Configuration  Investigated  section  for 
code  explanation) 

^C.g. 

XCG 

reference  center  of  gravity  location 

Xcp/a 

XCP/L 

longitudinal  center  of  pressure,  fraction 
of  body  length 

Xb,Yb,Zb 

SRB  longitudinal,  lateral,  and  vertical 
coordinates.  Inches 

Xo»Xo»Zo 

orhlter  longitudinal,  lateral,  and  vertical 
coordinates,  inches 

f Y^  f Zfji 

ET  longitudinal,  lateral,  and  vertical 
coordinates,  inches 

AX 

mm 

longitudinal  separation  distance  of  SRB 
nose  from  mated  position,  positive  aft 

AY 

m m 

lateral  separation  distance  of  SRB  nose 
from  mated  position;  positive  outboard 

AZ 

mm 

vertical  separation  distance  of  SRB  nose 
from  mated  position;  positive  away  frcxn 
orbiter 

PCL 

— 

left  SRB  nozzle  plenum  chamber  pressure,  PSIA 
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NOMENCUTURK 


(ADDITIONS  TO  STANDARD  LIST) 


PLOT 

8TMBOL  SWiBOL 

Ad  "" 


AS 


oO/ET 


DEFINITION 

angular  rotation  in  tho  pitch  piano  I’rom 
mated  condition;  positive  when  noeo  moves 
away  from  O/ET 

angular  rotation  In  tho  yaw  plane  from 
mated  condition;  positive  when  nose  moves 
away  from  O/ET 

ofblter/external  tank  angle  of  attack 


aSRB 

BO/ET 

BSRB 

MTL 


L-SRB 

R-SRB 


solid  rocket  booster  angle  of  attack 

orb iter /external  tank  angle  of  sideslip 

solid  rocket  booster  sideslip  angle 

total  mass  flow  rate  through  left  SRB 
nozzle,  Ibm/sec. 

left  solid  rocket  booster  position  1,  2,  3, 
or  0 (see  configuration  investigated) 

right  solid  rocket  booster  position  1,  2, 

3,  or  0 (see  configuration  investigated) 
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INTEODUCTION 

A 0.01-ocalo  model  RockwuU  International  Integrated  Space  Shuttle 
vehicle  (Configuration  3}  figure  2a)  was  tested  in  the  Arnold  Engineering 
Development  Conter-von  Kantian  Gas  Dynamics  Facility  40-inch  Supersonic 
Wind  Tunnel  (Tunnel  A).  Test  date  was  November  20,  1973. 

Objective  was  to  determine  proximity  force  and  moment  data  for  the 
orbiter/ET  and  SRB  with  and  without  separation  rockets  firing  for  both 
single  and  dual  booster  runs.  Data  were  obtained  at  points  t“0,  t“1.25, 
and  t=2  seconds  on  the  nominal  SRB  separation  trajectory. 

Data  were  obtained  at  Mach  4.5  at  Reynolds  numbers  of  1.08,  1.50, 
1.85,  2.23,  4.85,  and  8.52  million  per  foot.  Booster  separation  motor 
plenum  pressures  were  set  at  tunnel  static  (zero  thrust),  750,  and  1500 
psid.  Angle  of  attack  and  angle  of  yaw  for  the  Orblter/ET  ranges  from 
-10  to  +10  degrees.  All  angle  of  attack  and  angle  of  yaw  xams  were  made 
separately. 
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TEST  FACIUTY  DESCmiFi'AON 

V 

The  AEDC-von  Kannan  Facility  (VKF)  Tunnel  A la  a contlnuoua,  clofied- 
clrcuit,  variable  denelty  wind  tunnel  with  an  automatically  driven, 
flexible-plate  type  nozzle  and  a 40-  by  40-inch  test  section.  The  tunnel 
can  be  operated  at  Mach  numbers  from  1.3  to  6 at  maximum  stagnation  pres- 
sures from  29  to  200  psia,  respectively,  and  stagnation  temperatures  up  to 
750*  R (M"6) . Minimum  operational  pressures  range  from  about  one-tenth  to 
one  twentieth  of  the  maximum  at  each  Mach  number.  A description  of  the 
tunnel  and  airflow  calibration  information  may  be  found  in  the  Teat 
Facilities  Handbook.* 


*Test  Facilities  Handbook  (Ninth  Edition),  "von  Karman  Gas  Dynamics 
Facility,  Vol.  3",  Arnold  Engineering  Development  Center,  July  1971. 
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CONFIGURATION  INVESTIGATED 


Teat  model  was  a O.OlO-ocnle  force  model  of  the  Rockwell  International 
Space  Shuttle  vehicle  (Configuration  3,  Model  32-OTS). 

External  tank  was  rigidly  attached  to  tlie  orblter*  The  orbiter  was 
supported  In  the  inverted  position  on  the  tunnel  primary  sector  by  the 
AEDC  4.00-Y-36-049  balance  and  4.06-Z-050  sting. 

Tlie  SRBs  were  supported  by  brackets  attached  to  a modified  sting 
adapter  aft  of  the  4.06-Z-050  sting.  Brackets  located  the  boosters  in  the 
three  test  separation  positions. 

The  rl^t  SRB  was  mounted  on  AEDC  0.625-inch  diameter  flow-through 
balance  4. 00 -Y- 34-06 5.  The  left  SRB  was  mounted  on  a dummy  balance  built 
to  have  the  same  deflection  characteristics  as  the  4.00-Y-34-065  balance. 

Orbiter  and  external  tank  were  constructed  of  aluminum  and  had  these 
components:  wing,  vertical  tail>  canopy,  orbital  maneuvering  system  (OMS) 

pods,  body  flap,  simulated  main  engine  nozsles,  umbilical  fairing,  tank-to- 
orbiter  attach  structuje,  and  tank  protuberances. 

External  tank  was  attached  to  the  orbiter  using  the  forward  attach 
strut  and  the  LO2  and  LH2  feed  lines.  Feed  lines  and  feed  line  fairings 
were  relocated  inboard  20  Inches  full-scale  rom  the  position  used  on 
previous  tests  using  Model  32-OTS  (IA13) . The  new  location  matches  the 
line  drawings  for  these  components.  Pigutes  2b  through  2e  show  the  attach 
structure  and  tank  protuberances. 

The  SRBs  were  constructed  of  steel  and  included  the  separation  rocket 
fairing  nozzles.  High  pressure  air  was  piped  into  both  SRBs  to  simulate 
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V 


SliB  Hepnratlon  motor  pXumQH,  No;?/,1u  dot/rUn  aro  shown  In  fiRuron  2f  and  2g, 
Both  SRUh  w(?ro  capable  of  being  mounted  Indepondontly  In  each  of  the 
pofllttona  given  in  the.  following  table. 

AX._(injJ_  AY.On.J..  AAJ,in . ) Aa  (dog.)  AB  (deg.) 


0 

1.A70 

4.022 


0 

2.168 

r).465 


0 

2.594 

7.030 


0 

4.55 

10.40 


For  these  positions, AX,  AY,  and  A2  are.  displacements  of  the  SRB  nose  in  inches, 
model  scale,  from  the  mated  SUB  nose  position.  AX  is  measured  positive  aft, 

AY  is  measured  positive  outbi>ard,  and  AZ  is  measured  positive  away  from  the  or- 
biter.  Au  and  Ag  are  defined  as:  Aa  = ngRB  “ “O/ET*  AB  ® PgRB  - Bq/ET.  where 

”SRB’  ^SRB»  “0/ET»  f^0/ET»  obtained  using  conventional  aerodynamic,  definitions. 

On  the  data,  collation  sheets  and  plots,  the  number  and  position  of  the 
boosters  are  noted  with  two  digits  under  the  parameter  SRBPOS.  The  first  digit 
refers  to  the  pos'tlon  of  the  left  SRB  and  the  second  digit  refers  to  the  po- 
sition of  the  right  SRB.  Tested  were  the  following  combinations: 


SRBPOS 

Left  SRB 

Right  SRB 

1.100 

Position  1 

Position 

1 

2.100 

Position  2 

Position 

1 

2.200 

Position  2 

Position 

2 

1.20U 

Position  1 

Position 

2 

3.200 

Position  3 

Position 

2 

3.300 

Position  3 

Position 

3 

2.300 

Position  2 

Position 

3 

0.300 

Removed 

Position 

3 

0.200 

Remov  ed 

Position 

2 

0.100 

Removed 

Position 

1 

0.000 

Removed 

Removed 

i ■ 

I Lower  Hurfact-o  of  the  efevon  and  body  flap  on  the  left  side  of  the 


/ 


( 


model  wore  instrumented  with  t))ree  pressure  taps  located  as  follows: 


Tap  No. 

7 

8 
12 


X 

(Inches  from  nose) 

12.26 
12.29 
13., 3.) 


Y 

(inches  from  £) 

1.40 

2.00 

l.OO 


Tlircc  -ransducers  were  mounted  in  the  external  tank  to  measure  these 
pressures  so  that  electrical  leads  Instead  of  tubing  would  bridge  the  bal- 
ance to  the  sting. 

Nomenclature  below  were  used  to  designate  the  configurations  investi- 
gated. 


0 = Bi9  C;  E23  F5  M4  Ng  N24  R5  V; 

ET  « Tj^q  ATg  AT7  AT^j^  PT^  PT2  PT3  FLj_  FL2  FR5 
SRB  » Sg  Ngg  PS^ 


Model  configurations  are  defined  as  follows: 


Svmbol 

Component  Description 
S imu  la  ted  at  tach  s true  tur  e (AT^^) 

Drawing 

ATg 

Left  rear  orbiter  to  external  tank 

VL72-000088D  & 

89 

ATy 

Ri^t  rear  orbiter  to  external  tank 

VL72-000088D  & 

89 

ATu 

Front  orbiter  to  external  tank 

VL72-000088D  & 

89 

Body 

VL70-00139B 

Canopy 

VL70-00139B 

^23 

Elevons 

VL70-00139B 

^5 

Body  Flap 

Feed  lines  (from  external  tank  to  orbiter) 

VL70-00139B 

FLi 

LO2  feed lines 

VL78-000050 

FL9 

LH2  feedilne 

VL78-000050 

^5 

Umbilical  door  lairing 

VL78-000050 

^4 

Orbital  maneuvering  system 

VL70-00139B 

% 

OMS  nozxles 

VL70-000140A 

N24 

Orbiter  SSME  nozzles 

VL70-000140A 

N63 

Aft  SRB  separation  rocket  nozzle  block 

VL7 2-000088  & 
VL77-000036 

!■> 


r 


Symbol 

Component  DoHcrlption 

drawing 

«64 

Forward  SRB  separation  rocket  noasslo 
block 

VL72-000088  & 
Vh7 7-000036 

PS4 

Separation  roakot  fairing 

External  tank  protuberances  (PTx»FLx,|PRx) 

VL7 2-000088  & 
’;L77-000036 

PTi 

LO2  vent  line  fairing 

VL78-000031A 

PT2 

LO2  feed  lino 

VL78-00003JA 

PT3 

UI2  vent  line 

VL78-000031A 

R5 

Rudder 

VL70-000140A 

ss 

Boosters  (solid  rocket) 

VL72-000088  & 
VL77-000036 

^10 

External  Tank 

VL78-00041B 

V7 

Vertical  Tail 

VIJO-000140A 

Wl07 

Wing 

VL70-000140A 

Complete  dimensional  data  for  the  components  are 

given  in  Table 

All  control  surfaces  were  at  their  nominal  positions  during  the  test; 
i.e.,  no  elevon,  aileron,  body  flap,  or  rudder  deflections.  The  umbilical 
fairing  beneath  the  orbiter  was  in  place  for  the  test. 
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data  reduction 


standard  AKDC  data  reduction  roothodfl  wore  used  to  coraputo  slx-componont 
aerodynamic  force  and  moment  coofflcionto  Cor  the  orbltor/oxtornal  tank  and 
four  <Cu,  Cm.  Cy,  Cn)  aerodynamic  force  and  moment  coefficients  for  the  right 
SRfl*  The  following  roCorenco  dimensions  were  applied? 


Value  fModel  Scale)  i 

Value  (Full 

Scale) 

Svmbol 

Description 

Orbiter/ET 

Data 

C 

SRB  Data 

)rbiter/ET 

Data 

SRB  Data 

s 

reference  area,  ft^ 

0.269 

0.269  2 

1690.0 

2690.0 

b 

reference  span,  in. 

12.903 

12.903 

1290.3 

1290.3 

c 

reference  chord, in* 

12.903 

12.903 

1290.3 

1290.3 

^b 

reference  body 
length,  used  for 

Xcp/^> 

19.703 

17.410 

1970.3 

1741.0 

%RP 

longitudinal  loca- 
tion of  moment 
reference  point, 
inches  from  model 
nose 

(station. inches) 

7.430 

(10.520  X^) 

9.670 

(11.670  Xg)  1 

743.0 

4052.0  X^) 

967.0 
(1167.0  X^ 

%RP 

lateral  Location  of 
moment  refei-ence 
point,  Hlatiou, 
iuebes 

0.0 

0.0  Yg 

0.0  Y-j 

0.0  Yb 

^IRP 

vertical  location 
of  moment  reference 
point,  distance 
above  centerline, 
inches 

0.470(from 

ET 

1 0.00 (from 

SRB 

47.0  (from 
) ET  q^) 

0,0  (from 
SRB  q,) 

Figure  2a  shows  the  MRP  locations. 

Orbiter  base  and  balance  cavity  pressures  were  ■recorded  but  were  not 
used  to  apply  any  corrections.  Three  body  flap  pressures  were  also  recorded. 

Pressure  coefficients  arc  in  the  appendix. 
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TEST  J 1/157 


I TABI^E  I 

TEST  CONDITIONS 


IDATE  )<>7J 


MACH  NUMBER 


RtYNOLUS NUMBER 
(po(  iinll  lonRlh) 


DYNAMIC  PRESSURE  BTAGNATION  TEMPERATURE 
(pounds/sq,  IncEi  | (degrees  Fahrenheit) 


J 


2 h? 


3.9/ 

/ H 7.  / 

S.¥<9 

Balances  Used : V, oo-  p-  3fe  - o*/  Ez)  14,00-  t**  — 3</-  ,06 

CAPACITY;  ACCURACY:  1 


CAPACITY; 

( I - rx) 

NF  2 00 
SF  <?.i 


COEFFICIENT 

TOLERANCE; 


i /*»  c'E  TuH  Sc«  1 1 


^(O  WSI 
I o Q V 

3i  o ^sr 


^ CO*v.^yv^O'..  I ft  w * c.  ^ ^ 

COMME  NTs.  kkIuhc^  EO  ftyL)i  V^c  ov'dL  c)/^  T* 

■(orrc  .".  K'jI<3ki<»  C W«  OJv*  •/  cd  • 


DATA  SET/RUN  NUMBER  COLLATION  SUMMARY 


TKbl  RUN  NijMm  It 


ie 


% » 

M 


« Vi  tc)  V)  in  in  m 1^ m ^\  ^\  ^\  oJ  c4|  oi 


«^|n  n4  «n  d in  H H H n H i 1 ■* 


r 


31/HTi, 37  43  49  55  64*^* 


TABLE  111,  MODEL  DIMEKSIOMAL  DATA 


MODEL  CC.’tFOIfEtiT;  ATTACH  STRUCTURE  - ATg 

OEIIERAL  DESCRimOUj  Right  roRrf  Orbltor  to  Extornal  TatHc 


MODEL  SCALE: 

DBAWIHO  »0.,  VL72-000088B  * VL7a-000089  NOTE: 


DBIENSIONS: 

First  Strut 

Diameter  lu.  (Approx. ) 

Pwd.  Location,  In.  (Attach  to  Ox'biter) 


^8 


struts 
FULL  SCALE 


im. 


2058 


App  Approximate  Aft  location,  In.  (Attach  to  Orbiter) 


*0 

Xg 


1858 


(KOTEj  This  strut  is  the  mirror 
Image  of  Strut  AT^) 


Second  Strut 

Diameter,  In.  (Approx.) 
location.  In. 


mz 


X 


8 


2058 


(NOTE:  This  is  a cross-brace  strut) 


MODEL  SCALE 


■ o.mjx 


,20.58, 


11. OT 


18-58- 


’O.QIQ- 


13tQ2. 


2Qi,58. 


25 


y"’v 


; .stpi^jlWW v: 


I 


IWW^E  III*  Continued  ’ 

MODKL  CDMl’OIIKtfTj  ATOCH  gTHUGTUHK  • ATy  | 

AEllSfiAL  DK3CRim0t(i  rnftr,  Orbltor  to  Extortr'l  'KmH  ..„ j 


MODKL  SCALE!  O.OIQ 

BflAWNO  NO.!  VL72-OOOOS3B  + VL72-OOOO69  NOTEt  Unc  first  drawln£5  for  location  and 

second  drawing  for  detail  of  struts 

fflPET.  SCALE 




_iUPJiJ 

2^LS1 

^♦,S« 


i 

i 

I 


AFT  ATTACH  POINTS 

Orblter  to  (Ruvk 

Number  of  Struts 
Diameter  - In.  f Approx.) 
Location  « In.  (Approx.) 

Xo 

Xt 

Ox'blter  to  8RB 

Number  of  Struts 
Diameter  • In* 

Location  • In* 

Xo 

Xs 

Tank  to  SHB 

Nujaber  of  Struts 
Diameter  - In* 

Location  - In* 

Xt 

26 


ilOT 


1058, 


Quoao — 


_IL.QL 

18*59 


DIMENSIONS: 


rm*  scAijj 


FORWARD  ATTACH  l^INTS 

Orbiter  to  Tank 

Number  of  Struts 
Diameter  - In.  (Approx*) 
Location  • In. 

Xo 

Xip 

Orbiter  to  SRB 

Number  of  Struts 
Diameter  • In* 

Location  - In* 

Tank  to  SRB 

Number  of  Struts 
Diameter  - In. 

Location  •*  lu. 

X^ 


J:22L 


2058 


— tux' 


I 


r 


1 '■ 


TABLE  III,  Continued 


HODEI.  COMiOIIMlT:  ATTACH  STRUCTURE  - ATi^]^ 

OENF.lVvL  PSSCRimONj  Front,  Orbltor  to  Extornnl  Tank 


MODEL  SCALE:  

DIMEJfSIOHS: 

Number  of  Struts 
Width  of  each  strut 
Length  of  each  strut 
Location: 

Xj 


#• 


FULL  SCALE 
2 

12-1/2 
25 


_22Ll 

1132 ,0 


MODEL  SCALE 
2 

0.125 

0.250 


3-91 


27 


r 


TABLE  III.  Continued 


M0D12L  DIM2lI3I0m  DATA 

MODEL  COMPONENT:  BODY  - ' 

CENERAL  DESCRIPTION : FuooleinQ,  Configuration  3<  POJ-*  Roekvfull  Ltnoa 

Dravlng  VL70-000139B 

NOTE:  Ideablcal  to  DI7  except  forebody 

MODEL  SCALE:  .010 

DRAWINQ  NU^:kK:  VL70-000X39B 

DIMENSIONS:’  ’ FULL  SCALE  MODEL  SCALE 


Leogtli  > In. 

.ia90.3  . 

■ X2.90? 

Mix.  Width  - In. 

26?.  6 

2.676 

Kax,  Dspth  - In. 

2¥i-.5 

2.445 

Fineness  Ratio 
Area  - Ft^ 

4.83X75 

4.82X75 

teix.  Cross-Sectional 
Flanform 

- 38^-67 

0.03867 

\fetted 

Base 

• 

28 


y 


y- 


TABLE  III.  Continued 


MODEL  COMTONENTj  CANOPY  - C>j 


GENERAL  DESCRIPTION:  Configuration  3 PQf  Rockvoll  Linen  VL70-00QIJ 


MODEL  SCALE:  0.010 

DRiXWINa  HUMBER:  VL?0 -000139 

DIMENSIONS: 

Loui^th  (Xq  *»  ^33  to  Xq  » 670)  In.  P3 

. -V..  • •• 

Max.  TOdth -- 

Mix.Djpth  (Z^  a to  ^ « -501)- — ■ In.  PS 

Placncss  Ratio 


FULL  SCALE  MODEL  SCALE 


Area 


Max.  Cross-Sectional 
i'lonform 


lAitted 


OKKUKAI.  PAOP  18  POOR 


y 


TASLG  III.  Continued 
MODEL  OOMPONKIIT;  RLEVON  - Hbo 


GENERAL  pESCRin'IOHs  ConfU^uratlon  3 n«>r  P.ojkvoll  Lino:'.  Drivip;.';. 

VLVO-OOOl?,gB  for  (l)  of  (8)  aldcj 


MODEL  SCALE:  O.OIQ 

mwiNO  NUMBER:  VL70-000139B 

DIMENSIONS: 

Area  - 

Span  (equivalent)  - in. 


Hingeline 

Area  Moment  (Normal  to  Hingeline) 
(Product  of  Area  Moment) 


FULL  SCALE  }-!0Dix  sca?:; 
gQ5«52  Q.Q20[^S 

1^533. 


Inb’d  equivalent  chord 

114.78  . 

l.i48_ 

Outb'd  equivalent  chord 

55.00 

0.550 

Ratio  movable  surface  chord/ total 
surface  chord 

• 

At  inb*d  equiv.  chord 

0.208 

0.208 

At  outb'd  equiv.  chord 

0.400 

0.400 

Sweep-back  angles, degrees 

Leading  edge 

0.00 

0.00 

Trailing  Edge 

- 10.24 

' 10.24 

0.00 


1^'(B.07 


0.00 

O.OOl'v’i^ 


TABLR  III.  Continued. 

I.IODRL  WDf  I'tAP  - Fg  

CKNBUIAL  DEoCaiPi'IOIIJ  flap  for  fuseURO  Byg 


KODEL  SCALE:  0.015 

D.R/\V/IHG  W!!REH:  VL70"0'^03-39 

DlllffilSIOnS: 

Length  - In. 

14ax.  Vidtli  - In. 

I.fa.x.  Lox^th  **  In. 

Finenoso  lUtio 
Area  - l*t^ 

1'b.x.  ci*oss-oectlon.al 

Vetted 

B.xi»e 


u''- 

UKIGLNAL  PA(.;.t;  lib  POOif, 


FULL  SCALE  MODEL  SCALE 


w T • 1 W 

267.6 

2.676 

% 

142.5195 

0.01425 

S6.0993 


0.00320953 


a ) 


1 


TAJiLE  III.  Continued 


MODM,  r'JMIV-IElIT;  fl’.'KDWrjK  Ff.^ 

(r/.; 'iv'.ii,  EE.JCj'm'l’I {'<(/;  I, OX  iV.j.iLlno  bc't,v.;cn  Ilf  and  orbiter 


Mv)D''ifi  I'lCALV)} 

0.0  LO 

nm/i,r,  no,: 

vr.'/d -000050 

Conberlinu  at  Xr|i 


FIJLTJaJ/J 

...)-.7Q.O 

^U}L^ 


iMasiiiter 


l»  R 


^ I 

I 

I TABLE  III;  Contlnuod  ] 

; MODEL  COMPONENT:  FBEDLINE  - FI^  j 

QENRAL  DESCRimON:  LH^  feodlino  between  ET  and  Orbltor. 

I 

/: 

MODEL  SCALE:  0.010 

DIV.WINQ  NO.:  VL78-000050 

DIMENSIONS: 

, ' Centerline  at:  Xj 

1 Xp 

Diameter 


33 


TABLE  III.  Continued 
MOPFII.  COMPONEHT:  ORBIWR  UMBILIGAt  I’AIRIHO  - FR5 

OI*3NERAL  DESCRIPTIOMi  Pairing  around  orblter  vunbllleal  afinetnbly  on  orbU,i-r 
lower  nurfano  rear  funelago  trailing  edgo. 


MODEL  RCALE:  0.010 

DRAWING  NO.:  VL70-OOOO5O 

DIMENSIONS: 

Height  (from  orbiter  ourface,  In. 
Leading  edge 
Trailing  edge 
Maximum 
Length,  In. 

Max.  width,  In. 


PULL  SCALE 

MODEL  3CALI' 

5.0 

0.050 

23.0 

0.230 

26.0 

0.260 

154.0 

1.540 

235.0 

2.350 

TABI<E  III.  Continued 


MOPa  COMPOPSITj  0M3  Pod  - % 

QEIIERAI.  PEIBGRimONs  GottfigumtJon  3 nor  Rookwol].  Pinna  VI47Q-QQOI3? 


HQTEt  M4  idon'iilcal  to  oxonpt  Intarnnotion,  to  funnlngq. 
MOPI'4^  SCAIJ)j  0.03.0 
DtP\WN0  NUMfil^R}  VL7O-OOOI39 


Dlt'CilNSIONSt 

PULL  soalj: 

M0D^X  SCALE 

Length  • la. 

346.0 

3.460 

mx,  width  • In. 

108.0 

1.080 

Max.  Depth  - In. 

113.0 

1.130 

Fineness  Ratio 

Area  - Ft^ 

* 

Max.  Cross-Sectional 

P3.anform 

Wetted 

Base 
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TAUI/E  III.  Cnntlnuftd 


K0D7.L  co!.{?o*ni:m’!  „ 

oKhTsimi.  uiwcRiiTio!)!  ^ 

Vt70-Wn3o6  find  VI-.70-< ''•  i'jr.9".V'.  J.r.t  f.irioa  '.lon  of  not’.»lQ 

r.oa?.lo  coni-.orUno  «b  Xo  ri  l!iVO.?g,  Ifp  ;179.2S 
)J.-)DK!,  3CAL13  ^ O.OlO 


DUAV/Ih'C  RO.  VLY0"003306»  yi.70-C00039"n">  5D-A0009.2 


No. 


Length  ~ in. 

Giniba.1  Point  to  Exit  Piano 
Throat  to  Exl.t  Plano 


• yitlJ.  SCATJ! 


0 


Diamotor~in. 

"Exit 

Throat 

Itaot 

O 

Area  '«ft*'»/Koaale 

^t 

» 

Throat 

Gimbal  Point  (otation)~in. 

X 

» 

t 

2 

« 

Null  Pooiblcn~deg, 

Pitch 

Taw  (Outbid) 


^.soa 

o.geo 


13.635 


0.00136 
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}m^ 

4«8.0 


A92.0 


0.800 


4.920 


lyhV  15*49* 

+12*17*  +12*17* 


TABl.r!  Ill*  Continued 

MODKI.  C0:;P0!u^!iTt  

■ 0'.;Uii;UAL  LirilCllUTIO:.':  _Coni;ii'iratirai^l^^ 

# t 



Wt»‘iWlJ-'0  IJO.  VL7C-0C0140A « V L70-005030A 
DllIEt:3I013 

I'foch  llo.  - - - 


I/!nsth*^in« 

Oinibftl  Point  to  Rxit  Plane 
Throat  to  32xit  P3x.no 
Uianioter~in.  - — 

Jbdt 
Throat  • 

Inlet 

Area~ft^,  /^fo^zle 
Sxlt 

. ■' . Throat 

Giiiibal  Point  (station)  ~ in. 

Upper  Noaalo 
X 

Y 
Z 

LovB3r  Nozzles 

X 

Y 

2 

Nu3.1  Position -^dcg. 

Upper  Nozzle 
Pitch 
.Yaw 

• 

Lower  Nozzles 
Pitch 

Yaw  (outb'd)  ^ 


I 


R,,;Pi((.huauu.rrY  of  tub 

OUKilNiU.  PAfiB  IS  POOB...* 


37 


fm.L  SCALK 


91.000 


45.16585 


mL 


ML 


16» 

“l)Tr 


10* 


3.5" 


CTKh  80, UK 


,..Q..9ia. 


0.00452 


,l4.it50- 


-4.430- 


1 , 0-S30 

“ , , 3.42643 


16* 

—gpar 


10» 


“575'^ 


II'/' 


TABLE  XII.  Continucid 


M0DI-:i.  COMEX'flEriT:  SRB  Ab’T  SEPARATION  BLOCK  " K63 

CENFJ’Ali  DEi^CRIPTIOWj  Ax’t  uoparntioia  nogzloR  for  nonf1.rMrV  Ion  ')  pc-lUi 
i*oo!;ot  boQotor.  


SCAIJa  MODEL:  0.010 

MODEL  DRAWING:  .G.G-AOlie^ 

DIKEJISIONS; 

• FULL  CCALE 

MODEL  ECALE 

Diameter  - In. 

Exit 

9.45 

• • Throat 

6.81 

0.0681 

Itil.et 

Area  - ft® 

6.81 

0.0681 

Exit 

0.4871 

0.00004871 

Throat 

0.2529 

0.00002529 

Design  Exit  Mach  No. 

2.15 

Ho.  of  Nozzles 

4 

Center  of  rotation  of  thrust  centerline  Xo  1850 
Hozzles  mounted  on  SRB  aft  skirt,  canted  20®  aft, 

18.50 

avay  from  O/ET 


TABI^E  III.  Continuwd 


MODtl.  COMTOHENTj  3RB  FORWARD  3EP/vR/»TICf{  U0m.E  BLOCK  - N6)4 

f 

GWiKRAL  DE3CRIPTI0NJ  St^para^on  nozzles  for  coof Iteration  j oolJd  rockot 
booBfcer. 


KODEX  SCALE:  0.010  Hodel  Dravlna  No.  SS-A01184 


DIMENSIONS: • 

PULL  SCALE 

MODEL  SCALE 

Diamoter  - la. 

Exit 

9.1^5 

0.0945 

Throat 

6.81 

0.0681 

inlet 

6.81 

0.0681 

Area  - Ft^/Nozzle 

Exit 

0.>!871 

0.00004871 

Throat 

0.2529 

0.00002529 

Design  Exit  Mhch  No. 

2.15 

2A5 

No.  of  Nozz3.es 

h (in  2 blocks) 

Center  of  rotation  of  thrust  centerline 

450 

4.50 

Nozzles  canted  20  deg.  forvard,  avay  from  O/ET 


! 


I 


1 


TABLE  III.  Continued 

Hr>r)WT.  CCMPONERT:  SERAHATION  ROCKET  MOZZLE  FAIRIHO  - PSjj. 

GENERAL  DESCRIPTION:  Pairing  enclosing  4 aft  separation  rocket  nozzles 

located  on  SRB  base  shroud. 


MODEL  SCALE:  0.010 

DRAWING  NO.:  VL77-000036 

DIMENSIONS: 

FULL  SCALE 

MODEL  SCALE 

Leading  edge  station,  In.Xg 

1724.5 

17.245 

Trailing  edge  station,  In.  Xg 

1852.0 

18.520 

Max.  Width,  In. 

30.0 

0.300 

Max.  Height,  In. 

20.0 

0.200 

' i 


•1 


40 


o .<? 


O «> 


I 


TABLE  III.  Continued 
MODEL  COMPOIjDOT}  ET  PROTUBEUANCB  - FTj^ 

OEI.'EHAL  DE.'iGRIPTION:  MX  vent  line  fairing  on  Tanlt  (Tj^)  Nose 


MODEL  SCALE}  0.010 

DRAWING:  VL76-OXO3IA 

DMENSIOHS: 

mL  SCALE 

Leading  odgo  at: 

321.00 

0.0 

Trailing  edge  at: 

Xj 

0 

0 

o\ 

470.0 

Centerline  of  vent 

].ins 

radially  located  at 

Height 

Width 


MODEL  SCALE 

3-210  - 

0. 

9.470 

4.700 
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TABLE  III.  Continued 
MODEL  COMTON’JWTj  ET  PROTUBERy^NCB  - PTa 

OENER/L  DESCRIPTION*  LOX  feedlineo  on  Vehicle  4 tank  secured  to  tan.  by 
brackets  \d.th  30“inch  spacing  (total  of  22  brackets) 

MODEL  SCALE:  0.010 

DRAWING  NO.:  VL?8-00003U 

DIMENSIONS:  FULI,  SCALE  ^DlilL  SCALE 

Leading  edge  at:  947. 00  9,470 

% - 70.00  - 0.700 

Trailing  edge  at:  I330.00  13,300 

Xj  - 70.00  - 0.700 

Bracket  spacing  from  X,p  « 997  30,00  0.500 

Centerline  of  LOX  feedlinc  located  radially 

23-5^  23. 5Q 


IAB'«E  111.  Continued 


MODEL  COMPONPIIT:  ET  PROTUBERANCE  - PT^ 

GENERAL  DESCRIPTION:  Ll^  ventline  on  Vehicle  4 tank  secured  to  tank  by 

brackets  with  30- Inch  spacing  (total  of  22  brackets) 


MODEL  SCALE:  0.010 

DRAWING  NO.:  VL78-OOOO3IA 

DIMENSIONS:  FULL  SCALE 

Leading  edge  at:  3^  947.00 

^ ~ 70.00 

Trailing  edge  at:  1330.00 

- 70-00 

Bracket  spacing  from  X^,  a 997  30.00 

Centerline  of  L^  feedline  radially  located  at 


MODEL  SCALE 

9.470 
-0.700 
13.300 
- 0.700 


0.300 
- 34.5® 


mBLE  III.  Cqntilnued 


MODEL  COMPONENT;  RUDDER  ~ R$ 


f 

GENERAL  DESCRIPTION; 
VL70-000095 


2A,  3 and  3A  Confi;;’Jrut.lon  I 't  Rockwell 


Model  Scale  “ o.oio 


DRAWING  NUMDER;  yL70~00009$ 


DIMENSIONS;. 

Area  - H‘2  ■ • - 

Span  (equivalent)  - IH. 

Inb‘d  equivalent  chord 

Outb'd  equivalent  chord 

Ratio  movable  surface  chord/ 
total  surface  chord  . 

At  Inb'd  equiv.  chord 

. ' At  Outb'd  equiv,  chord 


FULL-SCALE 

106.38 

. 201.0 

50.833. 


0.400 


0.400 


Sweep  Back  Angles,  degrees 


Leading  Edge 

. • 
Tailing  Edge 

26.25__ 

Hingeline 

34.83 

Area  Moment  (Normal  to. hinge  line)- 

526. 13 

Product  of  Area  and  Mean  Chord 

Li;v>3 


♦ 

MODEL  SCALE 

_jQuoio£. 



o.qi6  • 

0.508 

0.400 

0.400 

_2kJ2 

26^25 
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Figure  1 . Axis  Systens 
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Forward  Attachment  of  the  External  Tank  to  the  Arbiter  (AT^^ 

Figure  2.  Continued 


Aft  Attachment  of  External  Tank  to  Orbiter  (ATs*  ATy) 
Figure  2.  Continued 


BOOSTER  % 

Booster  Aft  Separation  Rocket  Nozzle  Block  (N54)  and  Fairing  (PS4) 
Figure  2.  Continued 


Booster  Forward  Separation  Rocket  Nozzle  Block  (N54) 
Figure  Z.  Continued 


Orbiter/ET  with  SRBs  in  Position  1 (Mated) 
Figure  3.  Model  Photographs 


Orbiter/ET  with  Right  SRB  in  Position  3 (t=2  seconds  on  Nominal 
Separation  Trajectory)  and  Left  SRB  in  Position  2 (t-1.25  sec.) 
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